Learning objectives 1. To review CT appearance of postoperative aortic root pseudoaneurysm.
2.
To emphasize the importance of ECG gating and multiplanar and 3D reconstruction in the CT angiographic evaluation of potential aortic root pseudoaneurysms.
3.
To review management of aortic root pseudoaneurysms, with emphasis on CT findings that are important to presurgical planning. 4 .
To review CT appearance of conditions that may mimic pseudoaneurysms.
Background
Aortic root pseudoaneurysm is a rare complication and develops in less than 0.5% of cases following cardiac surgery [1] . Accurate preoperative diagnosis is critical in avoiding inadvertent rupture of the pseudoaneurysm during resternotomy [2, 3] . Mediastinitis and graft infection are the most common risk factor for the formation of postoperative aortic root pseudoaneurysms [1, 4, 5] . Other risk factors include progressive aortic wall disease (i.e. Marfan syndrome, Takayasu arteritis), dissection of the native aorta, and excessive use of biologic glue [3, 5] . The purposes of this article are to review the CT appearance of aortic root pseudoaneurysms and to review imaging pearls and pitfalls in the diagnosis of aortic root pseudoaneurysms.
Imaging findings OR Procedure details

Study Population
From January 2007 to September 2011, we identified 18 patients (mean age 48.7 years, 13 male, 5 female) with postoperative aortic root pseudoaneurysms who underwent CT angiograms for evaluation. We reviewed the CT appearances of the postoperative aortic root pseudoaneurysms. Clinical history of the patients and surgical management of the pseudoaneurysms were abstracted from the electronic medical record. The underlying disease processes that led to prior history of aortic valve or aortic root repair were listed in Table 1 on page 8.
CT Technique
At our institution, prospective or retrospective ECG gating was performed for suspected cases of aortic root pseudoaneurysm to minimize motion artifact at the aortic root. Our scans were performed on a 64 slice multidetector CT scanner or a dual source 128 slice scanner. The scan parameters were optimized for each patient but were in the range of 120 kVp, 180 to 250 mAs, detector collimation of 0.6 mm, and slice thickness of 0.75 mm. Patients received 100 to 120 mL (2mL/kg) of iohexol injected intravenously at a rate of 4 to 6 mL/s via a power injector. The scan was triggered via bolus tracking or test bolus technique.
Non-contrast CT scan was not performed for routine surveillance of asymptomatic patients with history of aortic root surgeries. There were specific indications where the additional radiation from preconstrast imaging was justified. These include patients who have stent grafts, to distinguish calcification from endoleak, and patients with acute chest pain in whom intramural hematoma was a potential cause. In select cases where graft material mimics a leak, comparison to prior exams or delayed imaging can be performed to make the distinction.
CT Interpretation Techniques
Optimal image interpretation of the aortic valve and ascending aorta required a combination of customized axial, coronal, and sagittal oblique planes. Interactive 2D multiplanar reconstruction and 3D volume rendering were used to optimally display the aortic root pathology and the relationship of chest wall, coronary arteries and aortic valve to the pseudoaneurysm [6] .
Interpretation of these studies should describe the location with respect to the aortic root or valve prosthesis and coronary arteries, the size of pseudoaneurysm and the pseudoaneurysm neck, any indicators of hemorrhage (mediastinal, pericardial), and the presence of any additional aortic abnormality (i.e. dissection) that would affect surgical planning [7] .
CT Features of Postoperative Aortic Pseudoaneurysms
The most common location for postoperative pseudoaneurysms was the graft anastomosis site (Fig. 1 on page 
Management of Pseudoaneurysms
Many patients of aortic root pseudoaneurysms present with symptoms related to presence of the pseudoaneurysm, with the most common presenting symptoms being chest pain, followed by heart failure, and sepsis [3, 5, 8, 9] . Other less common symptoms include SVC syndrome ( Fig. 9 on page 17), new onset murmur ( Fig. 10 on page 16), anemia, and hemoptysis. These patients with acute presentations require urgent surgical interventions. The minority of patients with pseudoaneurysms are asymptomatic. The risk of acute rupture of the pseudoaneurysm and the risk of resternotomy and repeat cardiac surgery must be carefully balanced by the cardiac surgeon. Some of these patients can be followed conservatively as outpatients and undergo surgery on an elective basis ( Fig. 11 on page 15 ).
Key Considerations for Surgical Planning
One of the key considerations in surgical intervention is in choosing an approach that allows for safe reentry into the chest and minimizes the risk of catastrophic hemorrhage from pseudoaneurysm rupture. The risk of pseudoaneurysm rupture depends on whether the pseudoaneurysm is anterior or posterior to the aorta and the distance from the sternum. If the pseudoaneurysm is anterior and situated less than 2 cm from the sternum, the patients are considered at high risk for reentry, and cardiopulmonary bypass should be established before resternotomy [5, 9] . The risk of pseudoaneurysm rupture is less for anterior pseudoaneurysms more than 2 cm from the sternum and posterior pseudoaneurysms [9] .
Surgical Management of Aortic Root Pseudoaneurysms
Aortic graft replacement is the treatment of choice, with patch repair usually reserved for small pseudoaneurysms [4, 5, 9] . Mortality rate of aortic root pseudoaneurysm has been reported to be between 6.7 % to 60%, which may vary depending on the age of the patients, clinical presentations, and associated comorbidities [1-5, 8, 9] . Despite advances in endovascular techniques, there have been only a few case reports of successful endovascular treatment of postoperative aortic root pseudoaneurysms (Fig.  12 on page 12 ). The treatment of postoperative aortic root pseudoaneurysm remains primarily surgical. In some cases, aortic root pseudoaneurysm may recur after operative repair ( Fig. 13 on page 13 ) [9, 10] , surveillance CT is recommended to evaluate for recurrence of pseudoaneurysms [5] .
Imaging Pearls and Pitfalls
In patients with prior aortic surgery when present with chest pain, aortic root pseudoaneurysm should be suspected and the examination should be performed with ECG gating. In patient with unclear surgical history and aortic root pseudoaneurysm is clinically unsuspected, a non-ECG gated scan may be requested by the referring clinician to evaluate for other thoracic pathologies. When interpreting these non-ECG gated scans, the radiologist must carefully scrutinize the aortic root to avoid missing a subtle pseudoaneurysm. Intravenous contrast is critically important for the diagnosis of aortic root pseudoaneurysm, as pseudoaneurysm can masquerade as a "postoperative fluid collection" on non-contrast CT scans (Fig. 14 on page 14) .
Non-Pathologic Postoperative Changes
Non-pathologic postoperative changes of the aortic root and sinus of Valsalva aneurysms may mimic the appearance of postoperative aortic root pseudoaneurysms. The postoperative appearance of an arterial reimplantation site may simulate a pseudoaneurysm on axial images, but its smooth contour on the multiplanar and 3D reconstructions and lack of associated acute findings (i.e. mediastinal hemorrhage, enlargement over serial exams) confirm the benign nature of the postoperative deformity ( Fig. 15 on page 14) .
Sinus of Valsalva Aneurysm
Sinus of Valsalva aneurysms are rare and can be either congenital or acquired. Acquired aneurysms can be caused by infectious diseases, atherosclerosis, cystic medial necrosis, and traumatic injury [7] . On CT, the sinus of Valsalva aneurysm appears as an asymmetric saccular dilatation of the sinus of Valsalva with normal dimensions of the adjacent aortic root and ascending aorta (Fig. 16 on page 21) , as opposed to a pseudoaneurysm, which appears as focal outpouching of contrast which is separate from the sinuses of Valsalva.
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Conclusion
Multidetector CT with ECG gating can provide important diagnostic information in many cases of postoperative aortic root pseudoaneurysms. Attention to typical sites of pseudoaneurysms formation is essential to avoid missing a potentially fatal complication. Multiplanar reconstruction and 3D rendering are particularly helpful in defining the location of the pseudoaneurysm with respect to the aorta (anterior vs. posterior) aortic valve, coronary artery ostia, and sternum (< or > 2 cm from the sternum), providing critical information for surgical planning.
